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l�®yo]W;qÈhi\_W;²][bhUWZ¬�^�g�Y.Y.\_^*Y¶gFhi^�®%[]nbe2hiWZl.n]qÓWZn]e*kZ[]o]^wÎ7À µ ¿ Â ¨ à · Þ ¨Àg@n]oÏ� µ à ¨�g@qÓqU§]lª�n5W;n � jbjÂ^2n]o]W>¿Ð�¸ � nÒg@Y.Y.\U^2Y¶g@hU^�®%[]n]exhiWZl.nËÃ W;q½g�k;Y.^2²]\ig@W;e�WZ®~Ã l�®~g&o�g@h³g&qU^2h½eDg�nÒ²�^�e2l.¯{j][bhi^2oË[]q_W;n]Y¼g�±b¿f^*on�[]¯�²�^*\yl�®�o]WZq_hi\_W;²][fhiWZ¬�^½g@Y.Y.\U^2Y¶g@hU^*q~®%\Ul.¯ ^*g�e³§¼j�g�\ÈhiWZhUW;l.n:l�®bhi§]^«o�g@h³gmqU^xhD¸ÒÑÔÓ ¶&³ ·ÖÕ ¶ ¨HÓu· ³ ½�·�¿!Î ¶ ¨
� Â ·�¿!×"· ³ ×o× ¶ Óu½�· Â ½ZÀ	¿X¨ à · Þ ¦Ï¨ à ½�¿>¦ g�\U^�g�k;kbg�k;Y.^2²]\ig@W;e«g�Y.Y.\_^*Y¶g@hU^«®%[]nbe2hiWZl.n]q2¸"¦/k;kZ[]q_hU\ig@hUW;l.n]qyg�\_^gD¬@g�W;k;g�²]k;^�W;n � j]j�^*nbo]W>¿ÏÐ�¸ � npg�Y�Y.\U^2Y¶g@hi^�®%[]nbe2hiWZl.nÑÃ#W;q�eDg�kZk;^2o5§bl.k;WZq_hiWZe|WZ®ºhi§b^�¬@g�kZ[]^:l�®,ÃÚ®%l�\g¼o�g@hig£q_^2h�eDg�nbn]l�h�²�^�e2l.¯{j][bhi^2oÑ[bqUW;nbY¤g£e*l�n]q_hig�n¶h�n�[]¯Ì²Â^2\ml@®Xo]WZq_hU\UW;²b[bhiW>¬.^:g�Y.Y�\U^*Y.g@hi^2q�®%\Ul.¯
^Dg@e³§Ëj�g�\ÈhiWZhUW;l.n¼l@®©hi§b^�o�gFh³g&q_^2h*¸3¹"¿bg�¯{j]kZ^ml@®Bg:§]l.k;WZq_hUW;e�g�Y.Y�\U^*Y.g@hi^Ó®%[]n]exhiWZl.n¤WZn]e*kZ[]o]^2q à ¶ ×�½Z·�¿y¸ÎÏ^�n]l@hi^�hU§�g@h½g�k;Y�^*²]\Ug�W;e�g�nbo°o]WZq_hi\_W;²][fhiWZ¬�^�g@Y.Y.\U^2Y¶g@hU^�®%[bn]e2hUW;l.n]qdeDg@nË²Â^me*l�¯¤j][fhi^*o¤²¶´°g�qUWZn]Y.k;^
qUe*g�nél�®mg�o�g@higpqU^xh£^2¬�^*n9ª�§]^*n9hU§]^Ëo�g@hig�qU^xh¼W;qÌhUlflpk1g�\_Y.^{hUl�±]h¼WZn�hi§]^°¯°g�WZn�¯{^*¯{l.\_´�¸�¦/n
j]\_lfe2^*qUq_W;n]YÑgÒo�g@hig�q_^2h:ª�WZhU§�gÒqUW;Ô2^£Y.\U^*g@hi^2\|hi§�g�n�hi§b^¼qUW;Ô2^£l�®½¯{^*¯{l.\È´.¨Õ^H¿fhU\ig�o]W;q_�pq_eDg�n]q&g�\_^
\U^2·�[]W;\_^*o�hil£eDg�kZe*[]k;g@hi^|hU§]^:§]l.kZW;q_hUW;e�g�Y.Y.\_^*Y¶g@hU^|®%[]n]exhiW;l�nÕ¸
V�l.\�^Dg�e³§�n]l$o]^�¨~qUg´ Þ ¨BhU§]^{g@hUhU\UW;²b[bhi^Ì®%[bn]e2hUW;l.n ã"ÝÍÞÂß e2l.n¶h³g�WZn]q|hi§b^¤gFhUhi\_W;²][fhi^�¬@g�k;[b^¼l�® Þ ¸¾Ó§]^�n]^*WZY.§�²Âl.\_§]l$lfo{g�Y.Y�\U^*Y.g@hi^�®%[]n]exhiW;l�n ã ¬0®�®�¯ e2l.¯{j][bhi^2q�g�¬@g�k;[]^�[]q_W;n]Y�hi§]^�g@h_hi\UWZ²][bhU^�¬@g�kZ[]^�l�®Þ g�nboÑhi§b^�g@h_hi\UWZ²][bhU^:¬@g�kZ[]^:l�® ÞWØ ��n]^*WZY.§�²Âl.\_W;n]Y{n]l$o]^*q2¸Ó¾Ó§]^ÌobW;q_hU\UWZ²][bhiW>¬.^�g�Y.Y�\U^*Y.g@hi^�®%[]n]exhiWZl.ne*l�¯¤j][fhi^*q,hU§]^�g@Y.Y.\U^2Y¶g@hU^�¬�g@k;[]^ Ý ^�¸ Y]¸Z¨}� µ à ¨"ÎOÀ µ ¿ Â ß l�®�hi§]^�g@hUhU\UWZ²][bhi^�¬@g�kZ[]^�g�n]o{n]^2W;Y.§�²�l.\U§]l$l$og�Y.Y�\U^*Y.g@hi^5¬�g@k;[]^�®%l.\Ëg@k;k�n]l$o]^*q2¸ ¾Ó§]^�g�kZY.^*²]\Ug�W;eÑg�Y.Y�\U^*Y.g@hi^�®%[]n]exhiW;l�n e*l.¯{j][bhU^*q°hU§]^�qÈh³g@hUW;qÈæ

hiWZe°¬@g�k;[b^*q�®%l.\¼g@k;k½nblfo]^2q*¨d^�¸ Y]¸>¨ à ¶ ·�¿0g�n]o�� Â ·�¿!×"· ³ ×e× ¶ Ó"½�· Â ½�À�¿y¨dg�n]oéeDg�né²�^�o]^*\_WZ¬.^2oé[]qUWZn]Y
hi§b^{¬@g�kZ[]^*q�e*l.¯{j][bhU^*oÏW;n�hi§]^¤o]W;qÈhi\UWZ²][bhUWZ¬.^{g�Y�Y.\U^2Y¶g@hi^¼®%[]nbe2hiWZl.n]q2¸Ò¾Ó§]^°e2l.¯¤j]g�\UWZqUl.n�®%[]n]exhiWZl.n
ÃyÄ/ÅÇÆHÆ�g@n]oÑqÈh³g@hUW;qÈhiW;e|hU^*qÈh�®%[]nbe2hiWZl.n ÉXÊ ®%l.\�hi§b^&·�[�g�n¶hUWZh³gFhiWZ¬�^:qUj�g@hUW1g�k©l.[bhikZW;^2\�o]^2±]n]WZhUW;l.n�eDg@np²�^
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e*l�¯¤j][fhi^*o []q_W;n]YÏg�k;Y�^*²]\Ug�W;eÒg@Y.Y.\U^2Y¶g@hU^�®%[bn]e2hUW;l.n]q£l�®m¬@g�k;[b^*q¼®%\Ul.¯ ã"Ý%ÞÂß g�n]o ã ¬�®�®�¯ ¸�¾yg�²]kZ^ÙË
qU§bl»ª�q¼hU§]^Òg�kZY.^*²]\Ug�W;e¤g�Y.Y�\U^*Y.g@hi^°®%[bn]e2hUW;l.n]q�®%l.\�o]W>Á©^2\U^2n�h�·$[]g�n¶hiWZhig@hiW>¬.^Ëob^2±�n]W>hiWZl.n]qÌl@®�q_j�g@hUW1g�k
l.[bhUk;WZ^*\Uq2¸,¹3g�e³§�e*l.kZ[]¯{nËqU§]lª�qÓhi§b^|e*l.¯{j][bhig@hiWZl.nËqÈhi\U[be2hi[b\U^�l�®~hi§b^�g@hUhU\UWZ²][bhi^�®%[]n]e2hUW;l.n©¨bn]^2W;Y.§fæ
²�l.\U§]l$l$o g�Y�Y.\U^2Y¶g@hi^�®%[]n]exhiWZl.nÕ¨½obW;q_hU\UWZ²][bhiW>¬.^Ñg�Y.Y.\_^*Y¶gFhi^�®%[]n]e2hUW;l.nbq*¨Óg�nbo g�kZY.^*²]\Ug�W;e5g�Y�Y.\U^2Y¶g@hi^
®%[]n]exhiWZl.n]q¼®%l.\¼^Dg@e³§ qUj]g@hiW;g�k�l.[bhUk;WZ^*\�o]^xhi^2e2hiWZl.n�g�j]j]\_l¶g�e³§Õ¸ V�l.\¼^x¿bg�¯{j]kZ^�¨dW;n9hi§]^�q_eDg@h_hi^*\_j]k;l@h
g�j]jb\Ul¶g�e³§©¨3hU§]^Òg@h_hi\_W;²][bhU^¤®%[]nbe2hiWZl.n9W;q ã"Ý%ÞÂß çdhU§]^Òn]^2W;Y.§�²�l.\U§]l$l$o g�Y.Y�\U^*Y.g@hi^°®%[bn]e2hUW;l.n ã ¬0®�®�¯ WZqÜËÝÍÞÂß�Û ¡Ú�Û±Ü7Ý ¬ tSvxw ã"Ý�Þ]ß ç�hi§]^�o]W;qÈhi\_W;²][bhUWZ¬�^Ìg�Y�Y.\U^2Y¶g@hi^�®%[]nbe2hiWZl.n]qàßâá I�®�®�¯ g�\_^ Û ã"ÝÍÞÂß ¨ Û Ü°Ý%ÞÂß ¨Û ã"Ý%ÞÂßÈÜËÝ%ÞÂß ¨ Û ã £ ÝÍÞÂß ¨ Û Ü £ Ý%ÞÂß ç:g�n]o hU§]^�g�kZY.^*²]\Ug�W;epg�Y.Y.\_^*Y¶gFhi^Ñ®%[bn]e2hUW;l.n]qãÑ á I�®0®�¯ g@\U^�hi§b^qUkZl.j�^ à g�n]ophU§]^�WZn�hU^*\_e*^*jfh å l@®,hi§]^&\U^*Y�\U^*q_qUWZl.n�k;WZn]^�¨Âg�n]ophU§]^�qÈh³g�n]o]g�\Uo�o]^x¬$W1g@hUW;l.nÏäWå�l�®,hi§b^
^*\_\Ul.\�hU^*\_¯ Ö ¨Àg�kZkÕl�®ºª�§]W;e³§5eDg�n5²�^�ob^*\UW>¬.^2oÑ[]q_W;n]Y¼hU§]^:o]W;qÈhi\UWZ²][bhUWZ¬.^:g@Y.Y.\U^2Y¶g@hU^|®%[]n]e2hUW;l.nbq*¸Ð«´�[bhUW;k;WZÔ*WZn]Y�¾yg�²]k;ôË$¨]ª½^�eDg�n5e*l�¯¤j][fhi^�hi§]^&g�kZY.^*²]\Ug�W;e|g�Y.Y.\_^*Y¶g@hU^�®%[]n]e2hUW;l.nbqmWZn�l.n]^:qUWZn]Y.k;^
qUe*g�n�l�®3hi§]^¼q_j�g@hUW1g�kºqU^2kZ®1æ3t_l�W;n�l�®,hU§]^¼q_hig@hiWZl.n�o�g@hig°qU^xh�[]qUWZn]Y°hi§b^¼n]^*WZY.§�²Âl.\�\U^*k;g@hiWZl.n]q_§]W;jÕ¸:V�l.\
^x¿bg�¯{j]kZ^�¨Óhi§]^�qÈh³g�nbo�g�\Uo�o]^x¬$W1g@hUW;l.n l@®�hU§]^�^2\U\Ul�\°hi^2\U¯ Ö WZn hi§]^�q_eDg@h_hi^2\Uj]kZl�h�g�j]jb\Ul¶g�e³§�e*g�n²�^Òe*l.¯{j][bhU^*o []qUWZn]Y�hi§]^Ò¬@g�kZ[]^*q¼e2l.¯¤jb[bhi^2o WZn9hi§]^Òo]WZq_hU\UW;²b[bhiW>¬.^Òg�Y�Y.\U^2Y¶g@hi^Ë®%[bn]e2hUW;l.n]q2¸ ¦/n g
n�g�W>¬.^&g�j]j]\_l¶g�e³§Õ¨À§]lª«^2¬�^*\*¨Âh/ª½l¤o�g@h³g£qUe*g�n]q�l�®XhU§]^&q_j�g@hUW1g�kBq_^*kZ®1æVt_l.W;n�¯¤gD´�²Â^:[]q_^*oÕ¨�ª�§]^*\_^&hi§b^
±�\_q_h&qUeDg@n�e*l�¯¤j][fhi^*q:hi§b^¤q_k;l.j�^{g�n]o�WZn¶hi^*\_e*^2jbhÌl@®½hi§b^¤\_^*Y.\_^*qUq_W;l.nÏk;WZn]^�¨ºg�n]o�hi§b^¤q_^*e*l�n]o qUe*g�n
eDg@k;e*[bk1g@hU^*q�hi§b^�qÈh³g@hUW;qÈhiW;e|¬@g�kZ[]^*q Ý ^�¸ Y]¸>¨ à ¶ ·"¿�g�nboæ� Â ·�¿!×"· ³ ×�× ¶ Óu½�· Â ½ZÀ	¿ ß l�®yhU§]^:^*\_\Ul.\�hU^*\U¯5¸
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qU[b²bh³g�q_��q*aÒg ß o]^*q_W;Y.nég@n ^2µ{e*WZ^*n¶h£e*l�¯¤j][fh³g@hUW;l.nÏ¯¤^xhi§]l$o�hilpe*l.¯{j][bhU^°hi§]^°Y.k;l.²]g�k3q_h³gFhiW;qÈhiWZeDg�kj�g�\Ug�¯{^2hi^2\Uq¼[]q_W;n]Y�g�q_j�g@hiW;g�k*t_l.WZn9g�n]o ² ß hU^*q_h¼ª�§b^2hi§b^*\{qUj�g@hUW1g�k«k;l$eDg@hUW;l.nbqÌl.n g�Y.WZ¬�^*néj�g@hU§g�\_^&l.[fhik;WZ^*\_q*¸�¾Ó§]^:±�\_q_h�hig�q���WZqme*g�k;kZ^*o5¯¤l$o]^2kB²][]W;kZo]W;nbY]ç]hi§]^�qU^2e*l.nboph³g�q_��W;qmeDg�kZk;^*oÒhU^*q_h�\U^2qU[]k>h
e*l�¯¤j][fh³g@hUW;l.nÕ¸

���������  ��!*�u�#"��*~���!Q~��2»
� n�¦0È.}4^xµ{e*W;^2n¶hÌ¯{lfob^*k,²][]WZk;o]WZn]Y�g�kZY.l.\UW>hi§]¯èe*l�¯¤j][fhi^*q�hU§]^°g@k;Y.^2²]\ig�WZe¼g�Y.Y�\U^*Y.g@hi^¼®%[]n]exhiWZl.n]q*¨^�¸ Y]¸>¨�hi§b^ à ¶ ·�¿Òg�n]oÊ� Â ·"¿>×"· ³ ×w× ¶ Óu½�· Â ½ZÀ	¿X¨.WZn�g�q_W;n]Y.kZ^3qUeDg@n¼l�®Àg�q_j�g@hiW;g�k�qU^2kZ®1æ3t_l�W;n:®%\Ul.¯ g�q_j�g@hUW1g�k
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o�g@hig�q_^2h,[]q_W;n]Y�g�n]^2W;Y.§�²�l.\y\_^*k;g@hiWZl.n]qU§bW;jÕ¸~¾Ó§]^«e*l.¯{j][bhU^*oÌ¬@g�kZ[]^*qº®%\Ul.¯âhU§]^Óg�kZY.^*²]\Ug�W;edg�Y�Y.\U^2Y¶g@hi^
®%[]n]exhiWZl.n]q|e*g�n�²Â^&[]qU^2o�²�´Ñhi§]^Ìo]WZÁÂ^*\_^*n]e2^Ì®%[]n]exhiW;l�n�ÃyÄ/ÅÇÆHÆ{g�n]o�q_hig@hiWZq_hUW;e&hU^*qÈh|®%[]n]exhiW;l�n ÉXÊ hUl
¬@g�k;WZo�g@hU^°hi§]^5l.[bhUk;WZ^*\Unb^*qUq¼l@®�g�n W;n]e2l.¯{W;n]Y�o�gFh³g�qU^xhD¸ � k;Y.l�\UWZhU§]¯ É q_§]lª�q{hU§]^ÑqÈhi^2j]q¤l@®�hi§b^
ÐÑl$o]^*k;Ð½[]WZk;o]WZn]Y{g�k;Y.l�\UWZhU§]¯5¸m¦/nÑhi§]^Ì±]\Uq_h�q_hU^*jÕ¨©hU§]^¼g�kZY.l.\_WZhi§b¯6\U^xhi\UWZ^2¬�^*q�hU§]^�n]^2W;Y.§�²�l.\�nblfo]^2q
®%l.\«^Dg�e³§�o�g@higÌl.²ut_^2e2h*¨]qigD´ Þ çbhi§]^2nÒWZh½e*l.¯{j][bhU^*q½hU§]^|n]^2W;Y.§�²�l.\U§]l$l$oËg�Y.Y�\U^*Y.g@hi^m®%[]n]e2hUW;l.n ã ¬�®0®�¯ ¸¾Ó§]^5o]W;qÈhi\_W;²][bhUWZ¬�^Ñg@Y.Y.\U^2Y¶g@hU^Ë®%[]n]e2hUW;l.nbq¤g@\U^�hi§]^2n g�Y.Y�\U^*Y.g@hi^2o [bqUW;nbY�hU§]^pgFhUhi\_W;²][fhi^Ë®%[]n]exhiWZl.n
ã"ÝÍÞÂß g@n]o�hU§]^Ñnb^*W;Y�§$²�l.\_§]lfl$o g�Y.Y.\_^*Y¶gFhi^Ò®%[]n]exhiW;l�n ã>¬0®�®�¯ ¸ VXW;n�g@k;kZ´�¨,hi§]^Ñg�k;Y�^*²]\Ug�W;e�g�Y�Y.\U^2Y¶g@hi^®%[]n]exhiWZl.n]qÓg�\_^|e*l�¯¤j][fhi^*oÒ[bqUW;nbY�hi§]^�¬@g�kZ[]^*q«®%\Ul.¯(hi§]^�o]W;qÈhi\UWZ²][bhUWZ¬.^�g�Y.Y.\_^*Y¶gFhi^�®%[]nbe2hiWZl.n]q2¸%$�l�hU^
hi§]g@h�hi§]^£o�gFh³gÒl.²ut_^2e2hiq�g�\_^¼j]\Ul$e*^2qUq_^*o�l�n�gÒj�g�Y�^¼²�g�qUWZq|hil�\U^2o][]e2^¤\_^*o][]nbo�g�n¶h�¦0È.}�¸Õ¦/nÏl@hi§]^2\
ª«l.\Uo]q2¨�g�kZk�hU§]^|n]l$o]^*q«ª�WZhi§bW;n°hU§]^|qig@¯¤^|obW;q��{j�g�Y�^|g�\_^|j]\Ul$e*^2qUq_^*o5²Â^x®%l.\U^�\U^2hU\UWZ^2¬$W;n]Y&hi§]^|nblfo]^2q
l�®ºhi§]^:n]^H¿$h�o]WZq��¤j�g�Y.^@¸
& c('gh*f*)+�gp0f,'wp_n.-/±f,-�cea@pZq0�gi
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~ 587w3654749��TKJfFQ[]LOFAT=@`NAHfVf@OFQHfFAHGLQBMH_VZI`EGI=JS[ZI?���qzrkmlml	n s ��q4ukmlml	n sxvwvwvxs ��q8ykmlmlmnMVSHO��x=��I�hWw={��� ;��tWw=��V�a�H�
��� �V�LQHG �JZTQ �J]F�VQT`�G��w=4���o�4W������I�w���m�w ¡�m¢[�m£¥¤H¦¨§w�m�w h©mª«¤�¬;+�®�
¯V¯ �H�@°I=^ZFg ¯ Qo=^f@eV]TSHO ¯ S@gVQT? �VQ[G�� ��� �«b±��;��4Wt����²�³µ´a¶#´I�,³�·E£F¦m¤Jª%´a¤^¶[�,¸�¤¹© ��� ©mª«¤J¬º;+�®�
MLSHO0�m�@�h�hW«�o�»� ¯ �V�I�¼W«�@�V�a�@�
��½ �@�LQHG ��ZTQ �J]T�@QT`�G��m�6� ¯V¯ �o�:W¾�����I�w���m�, ��m¢[�m£�´I�,³�·E£F¦m¤�ª�¤¹© � � ���
XIjkmlml	n �À¿LSEPTDV_VGFQ A[ZLg �VfVfVOLQHfFAHGFQz� X < � � ? s X < ��½ ? �4WÁ

����Â�¶H¶# ¨£F���,�Ã�,¬#�,´o i Ä¤�·[��¤H¦�¢J�z¢x·x·[ª«�¼·H¢J ¼�i©mÅL´a�w Æ³®¤�´F¸.���
�VfVf@OFQHfFAHGLQ ÇFK@QEPIQ[ZVG���p(q6rkmlml	n s p(q8ukmlml	n swvxvwvxs p(qzykmlml	n s XIjkmlmlmn �w=@�4WÁ

���¾È0¤J¬�ÉIÅL ¼�� ¨£F��¢�� ·@�x¦wª«¢J³®�#¢w·^·Jª«�¼·@¢� Ä��©mÅL´I�, Æ³®¤�´T¸V�®�
Ê ��qzrkmlmlmn s ��q4ukmlml	n sxvwvwvws ��qzyk	l�l	n�Ë �À¿LSEPTDV_VGFQ �TKJfFQ[]LOFAT=@` �@fVfVOFQHfLAHGFQ6��p(qzrk	l�l	n s p(q8ukmlml	n sxvwvwvxs p(qzykmlml	n �4WOLQHG@_LO@Z+�«��qzrkmlml	n[s ��q4ukmlml	n[sxvwvxv,s ��q8ykmlmlmn �zÌ

� k;Y�l.\UW>hi§]¯ É a%Í,qU^2[]o]l@æ�e*l$o]^�®%l�\Ó¯¤l$o]^*k©e*l.n]qÈhi\_[]e2hUW;l.n

� q_qU[]¯{W;n]Y{^Dg@e³§�n]l$o]^&§]g�qÏÎ5n]^2W;Y.§�²�l.\Uq2¨ÀhU§]^:±�\UqÈh�l.j�^*\Ug@hiWZl.n s ^xh }|n]^ }�²"t_^*e2h Ý
ß \U^2hU\UWZ^2¬.^2qo�g@higËjÂl�W;n¶hiq�l.n�hi§]^Ì²�g�qUWZq|l�®3hi§b^�o]W;q_�Ñj]g�Y.^�¨Âhi§�[]q�\U^2o][]e2W;n]YÒ\_^*o][]nbo�g�n¶h:o]W;q_�Ñ¦0È�}(l.j�^*\Ug@hiWZl.nÕ¸
¾Ó§]^¼VyW;n]o $�^*WZY.§�²Âl�\ $�l$o]^2q cf^2h Ý
ß l.jÂ^2\ig@hUW;l.nÑ\U^xhi\UWZ^2¬�^*q|hi§b^Ìo�g@hig°\U^2e*l.\_o]q|l�®,hU§]*̂ÎÑnb^*W;Y�§$²�l.\_ql�®�hU§]^�e*[b\U\U^2n¶h3j]\Ul$e*^2qUqUWZn]Y�n]l$o]^|¸y¦�®�hU§]^�n]^2W;Y.§�²�l.\Xnblfo]^2q,g�\_^�n]l�hXW;nÌhU§]^�¯{^*¯{l.\_´�²][bÁÂ^*\2¨¶^x¿$hi\Ug
¦0È.} l.jÂ^2\ig@hUW;l.nbq�g�\U^:\U^2·�[]W;\_^*o�hil£\U^xhi\UWZ^2¬�^:hU§]^:o]W;q_�Ëj�g�Y�^*qÓª�§]W;e³§5e*l�n�hig�W;n�hi§b^�o]g@h³g¼\U^2e*l.\_o]q�l�®
hi§b^5nb^*W;Y�§$²�l.\¼n]l$o]^2q*¸é¾Ó§]^�hiW;¯{^Ën]^2^*o]^2o�hUlÏkZlfe*g@hi^Òg@n]o hU\ig�nbq_®%^*\{g�o]WZq�� ²]kZlfe)�Ïhil�¯¤^2¯¤l�\_´
²][bÁÂ^*\¼WZq�W;n hU§]^Òl.\_o]^*\¼l�®m¯{W;kZk;W;q_^*e2l.n]o]q2¨X[]q_[�g�k;k>´�\Ug�n]Y.WZn]Yp®%\_l.¯ ÉFÐ hUl�` x ¯{qU^*e@¸�¾Ó§]^2\U^x®%l.\U^@¨
hi§b^�l.j�^*\igFhiW;l�n VXWZn]o $m^*W;Y�§$²�l.\ $�l$o]^*q cf^2h Ý
ß obl.¯¤WZn�g@hU^*q£hi§]^�e2l.¯{j][bh³gFhiW;l�n hUW;¯{^�¸0¾Ó§]^�¦0È.}e*l�q_h�l�®ÓVyW;n]o $�^*WZY.§�²Âl�\ $mlfo]^2q cf^xh Ý
ß WZq�ob^2hi^2\U¯{W;n]^2o�²�´�hU§]^£e*kZ[]q_hU^*\UWZn]Y�^2µ{e*WZ^*n]ex´ Ý Ç ¹ ß ¨~hi§�gFhW;q2¨�§]lª hi§]^�n]l$o]^2q½g�\_^�Y�\Ul.[]j�^*o{W;n¶hUl�obW;q��¼j]g�Y.^*q2¸"¦�®~g:n]l$o]^mg�n]o¤g�k;k�l�®ÂWZhUq3n]^*WZY.§�²Âl.\3n]l$o]^2q«e*g�n
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²�^¤g@\U\ig@n]Y.^*o�W;n�hU§]^¤qUg�¯{^{obW;q��pj�g�Y.^@¨ºnblÑ\_^*o][]nbo�g�n¶hÌ¦0È�}4l.j�^*\igFhiW;l�n�ª�WZk;k"²�^£\U^2·$[bW;\U^2oÕ¸{¾Ó§]^
^x¿f^2e*[bhUW;l.n�hiWZ¯¤^�®%l�\Ó^Dg�e³§Ño�g@h³g¼l.²"t_^*e2h�eDg@n5²�^:^*qÈhiW;¯¤g@hU^*o5g�qÓ®%l.k;kZlª�q*¸
V�l.\"W;nbq_h³g@n]e*^@¨�ª«^mg�qUq_[]¯{^�g ÐHxÖx Ð\ÒmÔÓ¯°g�e³§bW;n]^@¨¶g�n]o¼hi§]g@h,hi§]^ Ç ´$e2k;^tÍy^2\d¦/nbq_hi\_[]e2hUW;l.n Ý Ç Í,¦ ßW;q Ð ¨fhU§]^|W;nbq_hi\_[]e2hUW;l.n°e*l.[]n¶h�WZq ÉFÐ�x ¨$hi§]^�n$[b¯�²Â^2\Ól�®~n]^2W;Y.§�²�l.\Uq½®%l�\�^Dg�e³§�o�gFh³gÌn]l$o]^�WZq É.x ¨$hi§�gFh

^Dg@e³§Òo]W;q_�¤¦0È.}âl.j�^*\Ug@hiWZl.n¤hig���^2q ÉFÐ á É&x4Ó4Ô qU^2e Ý h/´$j]WZeDg�k�a ÉFÐ æ,` x ¯{qU^2e ß ¨bg�n]o°hU§�g@h Ç ¹éo]^2n]l�hi^2qhi§b^¼e*k;[bq_hi^2\UWZn]YÒ^2µ{e*WZ^*n]ex´.¸ÌVÀl�\�^Dg@e³§Ïo�gFh³gË\U^2e*l.\_oÕ¨©hU§]^¼^x¿f^*e2[bhiWZl.n�hiWZ¯¤^�ª�W;k;kº²�^ Ç Í�Õ�hUW;¯{^ ä
Ý ¦0È�} hiWZ¯¤^ ß�ÖfÝ É æ Ç ¹ ßEÖ � Û ÉFÐ�x á Ð á ¡

×	Ø	Ø,Ù ¡ Ø	Ú Û É ¤ Ð á É.x Ó4Û ä É ¤ Ð á É.x Ó ¡ á�Ý É Ø Ç ¹ ß q_^*e@¸d¾Ó§b^ Ç ¹¬@g�k;[b^mob^2hi^2\U¯{W;n]^2qdhU§]^m^x¿f^*e2[bhiWZl.n°hiWZ¯¤^@¸X¾Ó§]^m§]WZY.§]^*\3hi§b^ Ç ¹�¬@g�kZ[]^�¨¶hi§b^�qU§bl.\_hU^*\3hi§]^m^x¿f^*e2[bhiWZl.nhiWZ¯¤^@¸XÎÏ^:ª�WZk;k�®%l.\U¯¤g�k;k>´{o]^2±�nb^&e2k;[]qÈhi^*\_W;n]Y£^xµ¤e2W;^2n]e2´�WZn�hU§]^�®%l.k;kZlª�W;n]Y�q_^*exhiW;l�nÕ¸
Ü ��� � { �ÞÝàß�á4â@ã@ä^åaæ�çèåLáLáaäEâ�áhåaé	âBêJë4ì¡ç[é«æ�íTìzîïì¡â�â^ð4â^ð�ã@ñòé¹ó0âðaæ ô.â[äEâ[ì¡ç�âNêJë8ì¡ç[é�æ�íTì ÃºÄ/ÅÇÆHÆ åaì�ð
î[é�åaé«æÆî[é�æ�çõé,â�î[é�êJë8ì¡ç[é�æ�íTì ÉXÊ ç^åaìöã[â�ç�íT÷àø�ë8é	â^ðYã@ñdéÄó0âúùûí@ð4â[ß¡ü#ë8æÄß®ðaæÄì4áýÝàß�á4íTäJæÄéÄó4÷þæÄìïíTì¡â�îLç^åaì
í,êúéÄó0â.î	øzåaé«æ�åaß¡îLâ[ß êJÿ��VíTæÄìCí,êúé¹ó0â ðhåaé�åNîLâ[é��
�o���>����� Ð«´Ìob^2±�n]W>hiWZl.nÕ¨@g�n¼g�kZY.^*²]\Ug�W;e3®%[]n]exhiWZl.n�Ã�l�®Àg�o]g@h³gmqU^2h"eDg�n�²�^½e2l.¯{j][bhi^2o�[]q_W;n]Y�gm±b¿f^*o
n�[]¯�²�^*\ºl�®�o]WZq_hU\UW;²b[bhiW>¬.^dg�Y.Y.\_^*Y¶gFhi^*q~®%\Ul�¯ ^Dg�e³§�j]g�\_hUWZhiWZl.n:l�®bhU§]^½o]g@h³g�qU^xhD¸"¦/n�hi§]^½ÐÑl$o]^*k�Ð½[]WZk;ofæ
W;nbY�g�kZY.l.\_WZhi§b¯Ñ¨»g�±b¿f^*oNÎ�n�[]¯Ì²Â^2\yl�®]o]W;qÈhi\UWZ²][bhUWZ¬.^«g�Y.Y�\U^*Y.g@hi^,®%[]n]exhiWZl.n]qÒß á ¡�®�®0¯ ¢)ß á

£
0®�®�¯ ¢�¤&¤&¤�¢ß á Ú�®�®�¯g�\_^�[bqU^*o5hil£q_hUl.\U^�hU§]^Ìg@Y.Y.\U^2Y¶g@hU^|¬�g@k;[]^2qmWZn�¯¤^2¯¤l.\È´.¨�g@n]oÒhi§]^&g�k;Y�^*²]\Ug�W;e�g@Y.Y.\U^2Y¶g@hU^|®%[]n]e2hUW;l.nbq

g�\_^&hi§b^*n�e2l.¯¤jb[bhi^2o�[]qUWZn]Y°hU§]^*q_^¼g�Y.Y.\_^*Y¶gFhi^:¬�g@k;[]^2q*¸�¦�®Xhi§]^�obW;q_hU\UWZ²][bhiW>¬.^&g�Y.Y.\_^*Y¶gFhi^:®%[]n]e2hUW;l.nbq
eDg@nÌ±]hyW;n]q_W;o]^3hi§]^«¯¤^2¯¤l�\_´�²][fÁ©^2\*¨�hU§]^�g�kZY.^*²b\ig�WZe3g�Y.Y.\_^*Y¶g@hU^d®%[bn]e2hUW;l.n]qºeDg@n�²Â^«e*l.¯{j][bhU^*o&[]qUWZn]Y
g:qUW;nbY.k;^�o]WZq��¼qUe*g�n°l@®Õhi§]^mqU^2kZ®1æVt_l.W;n£l�®Âhi§]^mo�g@hig�q_^2hD¸3z|WZq_hU\UW;²b[bhiW>¬.^mg�Y.Y.\_^*Y¶gFhi^Ó®%[]n]exhiW;l�n]q3n]^*^2o]^*o
®%l.\¼¬@g�\UWZl.[]q£·�[�g�n¶hiW>h³g@hUWZ¬�^Ñq_j�g@hiW;g�kÓl.[bhUk;WZ^*\¼o]^x±�n]WZhUW;l.nbq¤g@\U^5qU§]lª�n WZn�¾yg�²]kZ^ Ë$¸ ¦/n g�kZk�eDg@qU^*q2¨
l.n]^�n]^*^2o]qmgÌ¬.^*\È´ÒqU¯¤g�kZk�n�[]¯Ì²Â^2\ Ý k;^2qUq�hU§�g�n�g�o]l.Ô2^*n ß l@®~o]W;qÈhi\UWZ²][bhUWZ¬.^|g�Y.Y.\_^*Y¶g@hU^�®%[]nbe2hiWZl.n]q½hUle*l�¯¤j][fhi^�hi§]^�g�kZY.^*²b\ig�WZe|g�Y.Y�\U^*Y.g@hi^|®%[]nbe2hiWZl.n]q�n]^2^*o]^2op²¶´�^Dg�e³§5qUj]g@hiW;g�kÕl.[bhUk;WZ^*\�o]^x±�n]W>hiW;l�nÕ¸

��������� � �uºO|��â�uº&�Q��|�Å°�Æ�bz;�m|.{}|	~����
¾Ó§]^�g�kZY.^*²]\Ug�W;e|g�Y.Y.\_^*Y¶g@hU^|®%[]n]exhiW;l�n]q*¨]^@¸SYb¸Z¨ à ¶ ·�¿�g�n]oÏ� Â ·�¿!×"· ³ ×�× ¶ Ó"½�· Â ½�À�¿y¨�e*l.¯{j][bhU^*o5W;nÒhi§b^
ÐÑl$o]^*kÆÐ½[]WZk;o]WZn]Y&g�k;Y.l�\UWZhU§]¯�e*g�nË²�^�[]q_^*oËhUlÌ¬.^2\UWZ®Í´£hU§]^�q_j�g@hiW;g�kÀl.[bhUk;W;^2\3l�®~W;n]e2l.¯{W;n]Y:o�g@higÌqU^xhiq2¸
¾Ó§]^Ìh/ª«lÒ¬.^2\UWZ±]eDg@hUW;l.npg�k;Y.l�\UWZhU§]¯{q�g@\U
̂	�l.[bhU^¼}|[bhikZW;^2\�z|^xhi^*exhiWZl.n Ý�����dß g�n]o�	mg�n]obl.¯<$mlfob^
�3^*\_WZ±�e*g@hiWZl.n Ý������dß ¸f¾Ó§]^ ���� g�k;Y�l.\UW>hi§]¯�o]^xhi^2e2hiq�hU§]^|q_j�g@hiW;g�k�l.[bhikZW;^2\Uq3®%\Ul.¯ g�[]q_^*\�q_jÂ^2e*WZ±]^*o\Ul�[bhi^@¨yg@q�q_§]lª�n W;n � k;Y.l.\_WZhU§]¯ Ë$¸{¾Ó§b^ ����� j]\Ul$e*^2o][]\U^{e³§]^2e)�$q�hi§]^£l.[fhik;WZ^*\_n]^*q_q:®%\_l.¯ gÒqU^xhl�®m\ig@n]o]l.¯{kZ´ÏY.^*nb^*\igFhi^*o n]l$o]^*q2¸ ¾Ó§]^�q_hU^*jéhil�o]^xhi^*exh{l.[bhikZW;^2\Uq�WZn9²Âl�hU§ ���� g@n]o ����� g�\_^qUWZ¯¤WZk1g�\2¨©^H¿be2^*jbh�hi§]g@h:hi§]^ ����� §�g@q�nblÑq_§�g�\U^2oÏo]g@h³g5g�e*e2^*q_qÌn]^2^*o]q&g�e*\_l.qUq�hU^*q_hUq�®%l�\�obWZÁÂ^*\U^2n¶hn]l$o]^*q2¸�¾Ó§]^¼¦0È.}|q|®%l.\|VXW;n]o $�^*WZY.§�²Âl�\ $mlfo]^2q cf^xh Ý
ß WZn�o]WZÁÂ^*\_^*n¶h:WZhU^*\Ug@hiWZl.n]q|g@\U^¼W;nbo]^*j�^*n]ob^*n¶hl�®�^Dg@e³§¤l�hU§]^*\,WZn ����� ¸�ÎÏ^Ón]l�hi^�hU§�g@h"hU§]^�l.j�^*\igFhiW;l�n¼VXW;nbo $�^2W;Y.§�²�l.\ $mlfob^*q cf^xh Ý�ß W;q"^H¿b^2e*[bhU^*ol.n]e2^�W;nÑ^Dg�e³§�W>hi^2\ig@hUW;l.nÑg�n]o�o]l�¯¤WZn�g@hi^2qmhU§]^�¦0È.}#e2l.q_h�l�®,hi§]^&^*n¶hiWZ\U^¼g@k;Y.l.\_WZhU§]¯Ñ¸Ó¾Ó§b^�q_hUl.\ig�Y�^
l�®dhi§]^¼o]g@h³gÒqU^xh:qU§]l�[]k;o�qU[bj]jÂl�\_h�^2µ{e*WZ^*n¶h:¦0È.}(e*l.¯{j][bhig@hiWZl.n�l�®3hi§]WZq�l.j�^*\igFhiW;l�nÕ¸�ÎÏ^£o]W;q_e*[]q_q
hi§b^Ìe³§]l.WZe*^�®%l.\�q_hil�\ig�Y.^&q_hU\U[]exhi[]\_^¼g�n]oÑj]\Ul¬$W;o]^&^x¿fj�^*\UWZ¯¤^2n¶h³g�k~e*l�¯¤j�g@\UW;q_l.n5W;n�c$^*e2hUW;l.nbq Ð g@n]o
`b¸

s W>¬.^2nËg&\_l.[bhU^à«g¦ ª�WZhi§bW;n£hi§]^mo�g@hig&qU^xh É ¨¶hi§]^ ���� g�kZY.l.\UW>hi§]¯ ±�\UqÈh½\_^2hU\UW;^x¬.^2q«hi§b^�n]^2W;Y.§fæ²�l.\UWZn]Y�n]l$o]^*q¼®%\Ul�¯ É ®%l.\¼^Dg�e³§ o�g@hig�l.²ut_^*exhD¨dqigD´ Þ ¨dW;n hi§b^5\_l.[bhU^�«g¦Ïç½hU§]^*n WZh¼e2l.¯{j][bhi^2q
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hi§b^pn]^2W;Y.§�²�l.\U§]l$l$o g�Y.Y�\U^*Y.g@hi^�®%[]n]exhiW;l�n ã ¬�®�®�¯ []q_W;n]Y�hi§]^pg@hUhU\UW;²b[bhi^�¬@g�k;[]^Ñl�® Þ g�nbo hi§]^pg@h_æhi\_W;²][fhi^p¬@g�kZ[]^*qËl@® Þ Ø ��nb^*W;Y�§$²�l.\_q*¸ ¾Ó§]^�o]W>Á©^2\U^*nbe*^p®%[]nbe2hiWZl.n�ÃyÄ/ÅÇÆHÆ�W;qËe2l.¯{j][bhi^2o []qUWZn]Y hi§b^g@h_hi\UWZ²][bhU^�®%[]n]exhiW;l�n ã"Ý%ÞÂß ¨]n]^2W;Y.§�²�l.\U§]l$l$oÒg�Y.Y.\_^*Y¶gFhi^�®%[]nbe2hiWZl.n ã ¬�®�®�¯ ¨�g�nboËhi§]^:g�kZY.^*²b\ig�WZe|g�Y.Y�\U^xæY¶g@hU^¼®%[]n]e2hUW;l.nbq�e2l.¯{j][bhi^2oÏWZn�hi§]^¤ÐÑl$o]^*k�Ð½[bW;k;obW;n]YÒg@k;Y.l.\_WZhU§]¯Ñý̧$�l$o]^ Þ eDg@n�hU§]^*nÏ²Â^¼hi^2q_hU^*o®%l.\Ól.[fhik;WZ^*\_n]^*q_qÓ[]qUWZn]Y{hU§]^:q_hig@hiWZq_hiWZeDg�k�hi^2q_h�®%[]n]exhiW;l�n ÉXÊ ¸
� c �Ôq�h 
��ÔqWf0p0h2a jkh!q}h��>qWp�crn�� � 
�j �  fw-�c�a@p¾q6�gi

1,2436587:9<;>=@?BAC?EDFAHGI=JALKNM@OFAEPIQJRTSHOVU�W
X =H?YA[Z\AHG@GVOI=^]V_VGFQBMH_VZa`�GI=JS[Z�W
bc=@?dG@eTQBZTQT=Ef@eV]TS[O@eTSVS@gNOFQLK@A[GI=JS[ZI?^eh=^DiW
XIjkmlml	n =@?{AYZTQT=Ef@eV]TS[O@eTSVS@gdAHfVf@OFQHfFAHGLQBMH_VZI`EGI=JS[ZiW!#" �%$&$ =@?YA|ga=�M@MLQHOFQ[Za`[QdMH_@ZI`�GI=JSJZiW
��q6rk	l�l	n s ��q4ukmlmlmn swvxvwv,s ��qzykmlml	n AHOFQ|ALK[fFQJ]LOFAo=@`*AHfVfVOFQ[fFAHGFQBM[_VZI`�GI=�S[ZI?8W;#' =@?dG@eTQ\?EDFAHGI=JALK{SJ_LGTKT=JQ[OYGFQT?�GÀMH_VZa`�GI=JS[Z�W
( bc=H?BG@eFQ ?JQHG±S@M|ZFS@gLQ =^Z A|OFSJ_LGFQ0W

~ 587w3654749 �J_VGTKT=JQHO �VQHGiÌ
MVSHO��x=��I�hWw={��� ( bN�tWw=��V�o�@�

��� �V�LQHG �JZTQ �J]F�VQT`�G��w=4�*) ¯ �:W¾�����I�w���m�, ��m¢[�m£¥¤H¦¨§w�m�w a©mª«¤J¬+( b ���
¯V¯ �H�@°I=^ZFg ¯ Qo=^f@eV]TSHO ¯ S@gVQT? �VQ[G�� ��� �«b±��;��4W
�i��²�³µ´a¶(´a�w³�·^£T¦m¤�ª%´I¤x¶H�	¸�¤¹© ��� ©mª«¤�¬;+�®�
MLSHO0�m�@�h�hW«�o�»� ¯ �V�I�¼W«�@�V�a�@�
��½ �@�LQHG ��ZTQ �J]T�@QT`�G��m�6� ¯V¯ �o�:W¾�����I�w���m�, ��m¢[�m£�´I�,³�·E£F¦m¤�ª�¤¹© � � ���
XIjkmlml	n �À¿LSEPTDV_VGFQ A[ZLg �VfVfVOLQHfFAHGFQz� X < � � ? s X < ��½ ? �4WÁ W
!#" �%$&$ �±¿LS^PTDV_LGFQ ,I=�M@MLQHOFQ[Za`[Q6� X � XIjkmlml	n �¥��qzrkmlml	n[s ��q8ukmlml	nJsxvwvxvws ��q8ykmlml	n �4W=�M0��;-' < !#" �%$&$ s ��q6rkmlml	n s ��q8uk	l�l	n swvxvwv,s ��q8ykmlml	n ���V�/.VO@_TQo�H��Lg@g ÇTK@QEPaQ[ZLG��	��_LGTKT=JQ[O �VQHG��w=@�4W(����Â�¶[¶# ¨£F���w���,¬#�w´T � Ä¤�0�ÅL Æ��³®�wª �I�w ����
Á

Á
OLQHG@_LO@Z\��_LGTKT=JQ[O �VQHGiÌ

� k;Y.l�\UWZhU§]¯ Ëfa%Í,qU^*[bo]l@æ/e2lfob^�®%l.\Ó\_l.[bhU^�l�[bhikZW;^*\½o]^2hU^*e2hUW;l.n

1 ¡����Ì�32Ò�,�D�����5456����D�����,�*�{� �Ì��� 7 �¤ º�98 �������D 
¾Ó§]^4e*l.¯{j][bhig@hiWZl.n�l@® l.[bhUk;W;^2\ o]^2hU^*exhiW;l�n g�k;Y�l.\UW>hi§]¯{qâW;q o]l.¯{W;n]g@hi^2o�²¶´�hi§]^ l.j�^*\igFhiW;l�n
VXWZn]o $m^*W;Y�§$²�l.\ $�l$o]^*q c$^2h Ý�ß ¨�ª�§bW;e³§ WZq�ob^2hi^2\U¯{W;n]^2o�²¶´ hi§b^�e*kZ[]q_hU^*\_W;n]Y ^2µ{e*WZ^*n]ex´ Ý Ç ¹ ßj�g�\Ug�¯{^2hi^2\Òl�®�obW;q�� j�g�Y.^�e*kZ[]q_hU^*\_W;n]Y]¸(¦/n�hi§]WZq�qU^*exhiWZl.nÕ¨�ª«^Ïjb\Ul¬$W;o]^�qUWZ¯¤jbk;^�g�kZY.^*²b\ig�WZe�e*l.qÈh
¯{lfo]^2k;q"®%l.\,hU§]^�¦0È�}�e*l.qÈhdl�®Õl.[fhik;WZ^*\,o]^xhi^2e2hiWZl.n{l.jÂ^2\ig@hUW;l.nbq*¨�[]qUWZn]Y:hi§]^ Ç ¹ ¯¤^*g�qU[b\U^�l�®Õjb§�´$q_W;eDg@kj�g�Y�^�e2k;[]qÈhi^2\UW;nbY{¯{^2hU§]l$o]q*¸,¾Ó§]^ Ç ¹ ¬@g�kZ[]^�W;qÓo]^x±�n]^2o�g�qÓ®%l.kZk;lª�q*a
: Ü Û<;>=�? �@ ¥BADC�EGF ¯ = ÆHA�¥sJI @ Å ? F�Ä ® F
s;>=�? �@ ¥BADC�EGF = ÆKF�Ä ® F
s
¾Ó§]^ Ç ¹�¬@g�kZ[]^�W;q3o]^xhi^*\_¯¤WZn]^*o¤²¶´¼hi§]^mo]W;q_�¼j�g�Y.^me*kZ[]q_hU^*\_W;n]Y:¯{^2hi§blfoÕ¨¶hU§]^�o]g@h³g�\U^*e2l.\Uo¤qUWZÔ*^�¨g�n]oËhU§]^|o]WZq��{j�g�Y.^�qUWZÔ*^�¸3VyW;Y.[]\_^�L&Y�WZ¬.^2q�g�nË^H¿]g@¯¤j]kZ^�l�® Ç ¹é¬@g�k;[]^�eDg�kZe*[]k;g@hiWZl.nÕ¸º¾Ó§]^�²]kZlfe)��W;nbY
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®8g�exhil.\2¨BW
¸ ^�¸>¨Õhi§]^£n�[]¯�²�^*\�l�®«o�g@higÒ\U^*e2l.\Uobq:ª�W>hi§]WZn�gÒj�g�Y.^¼WZq|hi§]\_^*^�¨ºg�nbo�hU§]^*\_^{g�\U^¼n]WZn]^¼o�g@hig
\U^2e*l.\_o]q*¸3¾Ó§]^�o]g@h³g�\_^*e*l�\Uo]q�g�\_^|e*kZ[]q_hU^*\_^*o�W;n¶hil�hU§]\U^2^�j�g�Y.^2q*¸,¾Ó§]^2\U^�g�\_^�gÌhil�hig�k�l�®ºn]W;n]^�^*o]Y.^2q
g�n]o5qUWÇ¿Ò[]nbqUj]kZWZh�^*obY.^*q2¸«¾Ó§]^ Ç ¹�¬@g�kZ[]^�l�®yhi§]WZqÓY.\ig�jb§5e*g�n5²Â^:eDg@k;e*[bk1g@hU^*o�g�qmǸM � Û x ¤N`.`f¸

V1 V2

V3

V6 V7

V9

V5

V8

V4

Page B

Page C
Page A

VXWZY.[]\U�̂Lfa3¹X¿]g@¯¤j]kZ^:l�® Ç kZ[]q_hU^*\_W;n]Y{¹"µ{e*W;^2n]e2´ Ý Ç ¹ ß

O#P�QSRUT>V WYX[Z]\�^_\a`
b cedNfhgjilk�monqpNfr s kofut�m�vofhw>nyx[z�{[|~}Nv��_moz&��xot� caxo��mon�}[p���w#futjxo��}Nx��NfD�� � p���w#futexo��}Nx��NfD�e|q}
m�t�x�pN��f� � p���w#futexo��}Nx��NfD�e|q}
m�t�mo}��Nx�����fu�� s kofut�m�vof�}[p��hw#futjxo��}NfD|qv�d�w#xot��K�_xotefDmoz�d�}Nx��Nf

¾Xg�²bk;^ Ñ adc$´$¯�²�l.kZqÓ[]qU^2opW;nÒhU§]^ Ç l.q_h � n]g�kZ´$qUWZq
¾Xg@²]k;^ Ñ kZW;q_hUq�hi§]^{q_´$¯�²�l.k;q�[]q_^*o�hUlpo]^x¬.^*kZl.j�l�[]\&e2l.q_h&®%l.\U¯Ì[]k1g�q2¸S��W;q�hi§b^ Ç ¹â¬@g�k;[b^�Ş�o]^2n]l�hi^2q�hi§]^£²]kZlfe)��W;nbYË®8g�e2hUl.\*¨©ª�§bW;e³§�W;q|hi§b^¼n$[b¯�²Â^2\�l�®«o�g@h³gÒ\_^*e*l�\Uo]q�hi§]g@h:eDg�n�²�^¼q_hUl.\U^2oÏWZn

l.n]^�¯¤^2¯¤l.\È´{j�g�Y.^@j̧� W;q½hU§]^�gD¬.^2\ig�Y�^�n$[b¯�²Â^2\Ól�®~n]l$o]^*qÓWZn°hi§b^|n]^*WZY.§�²Âl�\�k;WZq_h«l�®yg�n]lfob^�¸�¦ WZq
hi§b^&hil@h³g�k~n�[]¯�²�^*\�l�®3n]l$o]^*q�W;nÑhU§]^Ìo]g@h³g{qU^2h*�̈� W;q�hi§]^&n�[]¯�²�^*\�l@®,n]l$o]^*q�g@k;l.n]Y¤g¤\_l.[bhU^�¨Õg@n]o
«ÚWZq�hi§]^:n�[]¯�²�^*\�l�®yn]l$o]^*q�\Ug�n]o]l.¯{kZ´¤Y.^2n]^*\Ug@hi^2op²¶´Ò[]q_^*\Uq�®%l.\Óq_j�g@hiW;g�kÕl.[fhik;WZ^*\½¬�^*\_WZ±�e*g@hiWZl.nÕ¸
Ü ��� � {l��� ó0â¾ç�íLî[éTêJë4ì¡ç[é�æ�íTì¾êVíTä�éÄó0â�ùöí@ð4â[ßaü(ë8æÄß®ðaæÄì4áàåaß�á4íTä[æÄéÄó4÷ÞæÆî :���� Û ¬ � ä ¦ á � á]Ý É Ø�� ß
�o���>����� ¾Ó§b^ËÐÑl$o]^2keÐ«[]W;kZo]W;n]Y�g@k;Y.l.\_WZhU§]¯ WZq&g�n]^2q_h&k;l$l.j�W;n]o]^H¿ât_l.W;n©¸Ëcf[bj]jÂl�qU^£hi§�g@h:ª«^°[]q_^
h/ª«l°¯{^*¯{l.\_´°²][bÁÂ^*\Uq2a«l�n]^&¯{^*¯{l.\È´Ë²][bÁÂ^*\�qÈhil.\_^*q�hi§]^�o�g@hig£l�²ut_^*exh Þ []qU^2o�W;nÒhi§b^�l�[bhi^2\mkZlfl�jg�n]oÏhi§]^¤l�hi§]^2\Ì¯{^*¯{l.\_´�²b[bÁ©^2\�W;q�\U^2qU^2\_¬.^2o ®%l�\&j]\_lfe2^*q_qUW;nbYphi§]^°n]^*WZY.§�²Âl.\_qÌl�® Þ ¸p¾Ó§]^Ël�[bhi^2\k;l$l.j�\U^xhi\_W;^2¬�^*qÌg�k;k"hU§]^¤o]g@h³g�\U^2e*l.\_o]qÌl.n�hi§b^¤j�g@Y.^¤²]g�qUWZqÌg�nbo�§�g�q&g�nÏg�Y.Y.\_^*Y¶gFhi^*oÏe*l.qÈhÌl@® ¬ � ¸
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V�l.\�^*g�e³§�nblfo]^ Þ ¨3l.n gD¬.^2\ig�Y�^�¨�� á ��n]^*WZY.§�²Âl�\Uq£g�\_^ËW;n hU§]^�qig�¯{^Ëj�g�Y�^�g�q Þ ¨½g@n]oéeDg�né²�^j]\_lfe2^*qUq_^*o�ª�WZhU§]l.[bh�\U^2o][]n]o�g@n�h|¦0È.}�¸ � o]o]WZhUW;l.n]g�k~o�g@h³g¤j�g�Y.^Ìg�e*e2^*qUq_^*q�g�\_^Ìn]^2^*o]^2o�hUlË\U^xhi\_W;^2¬�^hi§b^Ël�hi§b^*\ Ý É Ø � ßdá �#nb^*W;Y�§$²�l.\_q*¨,g�nbo9WZhÌhig���^2q£g@h�¯{l.qÈh Ý É Ø¡� ßdá ��o�gFh³g�j�g�Y�^Ëg�e2e*^*q_qU^2q*¸¾Ó§�[]q�hi§]^:^x¿fj�^*exhi^*oÑhil�hig�kÕe*l�q_h�®%l.\�hi§b^�WZn]n]^2\Ók;l$l.jÒW;q-¦ á � á:Ý É Ø¢� ß ¸¤£

Ü ��� � {¦¥§� ó0â#ç�íLî[éTêJë4ì¡ç[é«æ�íTì¾êVíTä%éÄó0â ���� åaß�á4íTä[æÄéÄó4÷ æÆî :�¨ª©¬« Û � á]Ý É Ø�� ßiä � á � á]Ý É Ø�� ß,Û
� á|Ý É Ø¢� ßºá:Ý É ä � ß
�o���>����� � qUqU[b¯¤^mh/ª½l&¯¤^2¯¤l.\È´�²][fÁ©^2\Uq�g@\U^�[]qU^2o°®%l.\,hi§b^ ���� g�k;Y.l�\UWZhU§]¯5ç.l.n]^m¯¤^2¯¤l�\_´�²b[bÁ©^2\W;q�\_^*qU^2\_¬�^*o�®%l.\Ój]\_lfe2^*q_qUW;nbY¤hi§b^&n]l$o]^ Þ hUl¤²�^�¬.^*\_WZ±�^2oÕ¨Âg�n]o�hi§]^�l�hi§b^*\mW;qÓ[]q_^*ophUl¤j]\_lfe2^*q_q�hi§b^n]^2W;Y.§�²�l.\Uq"l@® Þ ¸XV�l.\"^Dg@e³§{nblfo]^ Þ ¨¶l.n�hi§]^�g¬�^*\Ug�Y.^�¨�W>hiqXq_[]e*e2^*q_qUl.\dn]l$o]^ Þ g�\U^�WZnÌhi§b^Óqig�¯{^�j�g�Y�^g�q Þ ª�W>hi§£j]\_l.²�g�²]WZk;W>h/´�d¨�g�n]o£eDg�n{²�^mjb\Ul$e*^*q_qU^2o¤ª�WZhU§¤nbl�\_^*o][bn]o�g�n¶h«j�g�Y.^mg�e2e*^*q_qU^2q*¸3¾Ó§]^�e*l.qÈhhil�g�e2e*^2qUq«g�k;kbhU§]^Ón]l$o]^*qdg�kZl.n]Y:g:\Ul.[fhi^ÓW;qe� á3Ý É Ø®� ß ¸y¾ºl&jb\Ul$e*^*q_q,hi§]^�n]^2W;Y.§�²�l.\Uq,l�®Â^Dg@e³§°n]l$o]^�¨
� á �Ïn]^*WZY.§�²Âl.\_q"g�\_^�W;n&hi§]^�qUg�¯{^�j�g�Y.^½g�q Þ ¸ � o]o]W>hiW;l�n�g�k�o�g@hig�j�g�Y.^�g�e*e2^*qUq_^*qdg�\_^�n]^*^2o]^*o¼hUl|\U^Hæhi\_W;^x¬.^«hU§]^dl�hi§]^2\ Ý É Ø̄ � ßá ��n]^2W;Y.§�²�l.\Uq2¨.g�n]o&WZh~h³gH��^*q"g@hº¯¤l.qÈh Ý É Ø¯� ßá ��o�gFh³g�j]g�Y.^«g�e*e2^*qUq_^*q2°̧£

Ü ��� � {¦±§� ó0âýç�íLî[é�êJë4ì¡ç[é�æ�íTìýêVíTä�é¹ó0â ����� åaß�á4íTäJæÄé¹ó4÷ æÆî :�¨ ¬�² Û « ä « á � á�Ý É Ø¢� ß
�o���>����� cf[bj]jÂl�qU^Óh/ª½l&¯¤^2¯¤l�\_´&²][bÁÂ^*\Uq«g�\_^Ó[]qU^2o¤®%l.\"hU§]^ ����� g�kZY.l.\UW>hi§]¯5ç�l�n]^�¯¤^2¯¤l.\È´Ì²b[bÁ©^2\W;q�\_^*qU^2\_¬�^*o�®%l.\Ój]\_lfe2^*q_qUW;nbY¤hi§b^&n]l$o]^ Þ hUl¤²�^�¬.^*\_WZ±�^2oÕ¨Âg�n]o�hi§]^�l�hi§b^*\mW;qÓ[]q_^*ophUl¤j]\_lfe2^*q_q�hi§b^n]^2W;Y.§�²�l.\Uq�l�® Þ ¸£cfWZn]e*^�hU§]^£¯¤^2¯¤l�\_´Ñ²][bÁÂ^*\�W;q:g@qUqU[b¯¤^2o�hUlÒ²Â^£e*kZ^Dg�\_^*o�®%l.\|^*g�e³§�e*l.n]q_^*e2[bhiW>¬.^\ig@n]o]l.¯�n]l$o]^@¨�ª«^mn]^*^2o�«�j�g@Y.^�g@e*e*^2qUq_^*q½hUl&j]\_lfe2^*q_q�g�kZkbhi§]^2qU^�\ig�n]obl.¯#n]l$o]^*q2¸3V�l.\,^Dg�e³§°n]lfob^
Þ ¨�� á �0n]^*WZY.§�²Âl�\Uq�g�\_^ÌWZnÑhi§b^�qig�¯{^Ìj]g�Y.^�g@q Þ ¨Bg�nbo�eDg�np²Â^�jb\Ul$e*^*q_qU^2o�ª�W>hi§]l�[bh�^H¿$hi\igË¦0È�}¼¸
� obo]WZhUW;l.n�g@k�o�g@h³g�j�g�Y.^�g�e2e*^*q_qU^2q�g�\U^mn]^*^2o]^*oËhUlÌ\_^2hi\_W;^x¬.^�hU§]^�l@hi§]^2\ Ý É Ø³� ßÀá �9n]^2W;Y.§�²�l.\Uq2¨bg@n]oWZh«h³g��@^*qmg@hÓ¯{l.qÈh Ý É Ø+� ßÕá � o]g@h³g�j�g@Y.^�g�e2e*^*q_qU^2q*¸½¾Ó§�[]q2¨]hi§]^�^H¿fjÂ^2e2hi^2o5hUl�h³g@k©e*l�q_hÓhil¼jb\Ul$e*^*q_qhi§b^�nb^*W;Y�§$²�l.\Ól�®;«Únblfo]^2q�W;q-« á � á�Ý É Ø´� ß ¸

µ 45¶Ñ�Ï���3�D� ���Ë� ���� "�*¢{�
¦/n�hi§]^:qUj]g@hiW;g�kÕl.[bhUk;WZ^*\�o]^xhi^2e2hiWZl.nÑg�k;Y.l�\UWZhU§]¯5¨fe2k;[]qÈhi^*\_W;n]Y£^xµ¤e2W;^2n]e2´ Ý Ç ¹ ß W;q�g£o]l.¯{W;n�g�n¶h�®8g@e2hil�\®%l.\me*l.¯{j][bhig@hiWZl.npe2l.q_h*¸�¾Ó§b^ Ç ¹�¬@g�kZ[]^�W;q�ob^2hi^2\U¯{W;n]^2op²¶´5hi§]^&o]W;q_�5j]g�Y.^Ìe2k;[]qÈhi^2\UW;nbY°¯{^2hi§blfoÕ¸¦/n�hU§]W;q�qU^2e2hiWZl.nÕ¨ºª½^¤o]^*q_e*\UWZ²Â^{hi§]^¤k1gD´.l�[bhÌl@®Ól.[]\�^x¿fj�^*\UWZ¯¤^2n¶hiq�g@n]o�WZk;k;[bq_hi\Ug@hi^�hU§]^°e*g�n]o]WZo�g@hU^
o�g@hig¼e*k;[bq_hi^2\UWZn]Y£¯¤^xhi§]l$o]q*¸

· \_^ ¸º¹à� h2a@p0i h*nrq6��f¼»N��½ec��Ôq
¾Ó§]^¼o]^2qUWZY.n�l�®3l.[]\�^x¿fjÂ^2\UWZ¯¤^2n�hUq|W;q�qU§]lª�n�W;q�VXW;Y.[b\U^¾f¸�¾Ó§]^¼W;n]jb[bh|o�gFh³gËqU^xhD¨BgË¾�ª�WZn Ç WZhUW;^*q
Ò�WZY.§¶ª�gD´ Ç l.n]nb^*e2hUWZ¬$WZh/´ s \ig�jb§Õ¨Fª½g�qyj]\Ul¬$W;o]^2o�²¶´:hi§]^�ÐÑW;n]nb^*qUl@h³g�z|^2j�g�\Èhi¯{^*n¶hXl@®]¾º\ig�n]q_jÂl�\_h³g»æhiWZl.nÑg�n]o�j]§¶´$qUWZeDg�kZkZ´�qÈhil.\_^*o�WZn�hUl°o�gFh³g¤j]g�Y.^*q�[]qUWZn]Y°obWZÁÂ^*\U^2n¶h|j�g�Y�^&e2k;[]qÈhi^*\_W;n]Y¤q_hU\ig@hU^*Y.WZ^*q|g@n]o
j�g�Y�^¤q_W;Ô*^2q*¸5¾Ó§]^*q_^Òo�g@higÑj�g�Y�^*q&ª«^*\_^¤hU§]^*n jb\U^*e2^*q_qU^*oéhilÑY.^*nb^*\igFhi^°q_^2hUqÌl�®Ój]g�Y.^*q&l�®Óo�gFh³g5hUl
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²�^�[bqU^*o5²¶´Òhi§]^�Ð5lfo]^2k2Ð½[]WZk;o]WZn]Y¼g�kZY.l.\UW>hi§]¯4g�n]o�¾º^*qÈh�	�^*q_[]kZh Ç l.¯{j][bhig@hiWZl.n�g�kZY.l.\UW>hi§]¯5¸º¾Ó§]^ÐÑl$o]^*k2Ð«[]W;kZo]W;n]YÌg�k;Y�l.\UW>hi§]¯(e*l�¯¤j][fhi^*qÓhU§]^:g�k;Y�^*²]\Ug�W;e�g@Y.Y.\U^2Y¶g@hU^�®%[]n]exhiW;l�n]q�hil£²�^�[]qU^2op²¶´Ëhi§b^
¾º^*q_h�	�^*qU[bkZh Ç l.¯{j][bhig@hiWZl.n�g�k;Y�l.\UW>hi§]¯(hil£o]^xhi^*exhmqUj�g@hUW1g�k©l.[bhikZW;^2\Uq*¸Î�^ e*l�¯¤j�g@\U^*o hi§b\U^*^ o]W>Á©^2\U^*n¶h�o�g@hig(j]g�Y.^ e*k;[bq_hi^2\UWZn]Y(qUe³§]^2¯¤^2q*a hU§]^ Ç l�n]n]^*exhiW>¬fW>h/´¶æ
Ç k;[bq_hi^2\U^2o � e2e*^2qUq�ÐÑ^xhi§]l$o Ý Ç]Çr� Ð ß ÉMË Ð Ì�À̈¿�æ/l.\_o]^*\_W;n]Y�É É� Ì�¨Óg�nbo Ç ^2k;k>æ
hi\_^*b̂ÉÁL	Ì
¸ }|hU§]^*\{j�gFæ
\ig@¯¤^xhi^*\_q°l�®:WZn¶hi^*\_^*qÈhËª½^2\U^�hU§]^�qUWZÔ*^Ñl�®�hi§]^p¯¤^2¯¤l.\È´ ²][bÁÂ^*\*¨ÓhU§]^�²][bÁÂ^*\_W;n]Y�q_hi\Ug@hi^2Y.W;^2q*¨Óhi§b^
¯{^*¯{l.\_´Ì²]k;l$e)�Ìq_W;Ô*^ Ý j�g�Y.^�qUWZÔ*^ ß ¨$g�n]o£hi§]^�n�[]¯�²�^*\3l�®Ân]^2W;Y.§�²�l.\Uq2¸"¾Ó§]^�^x¿fj�^*\UWZ¯¤^2n¶h³g�k�¯{^Dg�q_[]\U^2q®%l.\�hi§]^�ÐÑl$o]^*kQÐ½[]WZk;o]WZn]Y¤jb\Ul$e*^*ob[]\U^Ìg�n]ophU§]^Ì¾º^*qÈh�	m^2qU[]k>h Ç l�¯¤j][fh³g@hUW;l.nÑj]\Ul$e*^2o][]\U^2q�g�\_^&hi§b^
Ç ¹�¬@g�kZ[]^:g�n]o5¦0È.} e2l.q_h*¸
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Page
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Sets of pages 
of data

Sets of pages 
of data

Highway
Connectivity
Graph

Twin-Cities

StrategySize
Buffer No of

Neighbors

Buffering strategy

No of neighbors

Buffer size

CCAM
Z-order
Cell-tree

Test
Parameters

I/O Cost

Route Outlier
Detection(ROD).

Verification (RNV).
Random Node

Buffering

(Nest loop index join)

Model Building (MB)
CE value

VXWZY.[]\U�̂¾fa3¹"¿fj�^*\_W;¯{^*n¶h³g�k2v~gD´.l�[bh

¾Ó§]^�^x¿fj�^*\UWZ¯¤^2n¶hiq,ª½^2\U^�e*l�n]o][]exhi^*o¤l.n£¯°g@n�´ÌqUj�gFhiW1g@kf®%\ig@¯¤^xª½l.\_��q*¸XÎÏ^Ój]\U^2qU^2n�hdhi§b^m\_^*q_[]kZhUq
l.n¤g�\_^*j]\_^*q_^*n¶h³g@hUWZ¬�^�®%\ig@¯¤^xª½l.\_�À¨�ª�§bW;e³§{W;qdg�q_j�g@hUW1g�k]nb^2h/ª«l.\��¼ª�WZhU§ ���Öx n]lfob^*q3hi§�g@h3\_^*j]\_^*q_^*n¶hiq
hi§b^�hU\ig@µ{e�o]^xhi^*exhil.\3qÈh³g@hUW;l.n]q,®%l.\3goË x æ/qU·�[�g@\U^xæ�¯¤WZk;^«qU^*exhiWZl.n¤l@®ÂhU§]^�¾�ª�W;n Ç WZhiWZ^*q3g�\_^Dgb¸yÎ�^�[]q_^*og¤e2l.¯{¯¤l.nÑ\U^2e*l.\_oph/´$jÂ^Ì®%l�\�g�kZkBhi§]^&e*k;[bq_hi^2\UWZn]Y°¯{^2hU§]lfobq*¸�¹dg@e³§�\U^2e*l.\_o�e*l.n¶h³g@W;n]q�g°n]l$o]^�g@n]o
WZhUq&nb^*W;Y�§$²�l.\uæ/k;WZq_h*¨ºW�¸S^@¸Z¨XgÑq_[]e*e2^*qUq_l.\Èæ�k;WZq_h¼g@n]o9gÑjb\U^*ob^*e*^2qUq_l.\Èæ�k;W;qÈhD¸5¾Ó§]^°q_W;Ô2^°l�®Ó^*g�e³§ \_^*e*l�\Uo WZq
Ë Ð `¼²¶´�hi^2q*¸
· \	� Âè��n.'wp,'��;q}h<Â fx��Ã"q�h2a@p0n.- & hmq6� c('�Ã
¦/n�hi§]WZqÓqU^*exhiWZl.nÕ¨]ª«^&o]^2qUe2\UW;²�^�hi§]^:e*g�n]o]WZo�g@hi^�e2k;[]qÈhi^2\UW;nbY{¯{^2hU§]l$o]q�[]qU^2oÑWZn�hU§]^:^x¿fj�^*\UWZ¯¤^2n¶hiq*¸

Å°�Æ�*�2����|.~��2~�|DÄ�Å7ÅÊ���*ºO|.�"�	�8!§Æ����Ö�uº&º  ��|�Ç2��!�È�ÅÃÅÆ  ÊÉ � Ç]Çr� Ð ÉMË Ð ÌÌe2k;[]qÈhi^2\Uq�hi§b^
n]l$o]^*qml�®ºhi§]^:Y.\Ug�j]§�¬$W1g¼Y.\ig@j]§Ñj]g�\_hUWZhiWZl.n]WZn]Y]¨$^�¸ Y]¸Z¨�Ð5^2hiWZq°É É$É ¨ É Ë	Ì�¸�}�hU§]^*\�Y.\Ug�j]§fæ�j�g�\_hUWZhUW;l.n]WZn]Y
¯{^2hi§blfo]qdeDg@nËg�kZqUl�²Â^m[]qU^2oÒg�q3hi§]^m²�g�q_W;qdl�®Õl�[]\«q_e³§]^*¯{^�¸,¦/n°g�o]o]W>hiWZl.nÕ¨�g�n°g�[f¿fW;kZW1g�\È´Ìq_^*e*l�n]o�g�\È´
W;nbo]^x¿pW;qm[]qU^2o�hilËq_[]j]j�l.\_h�·$[b^*\_´pl.j�^*\igFhiW;l�n]q*¸�¾Ó§]^�e³§]l.WZe*^�l@®3g°qU^2e*l.nbo�g�\_´pW;n]ob^x¿peDg�n�²�^Ìhig�W>æ
k;l�\U^*o5hil°hU§]^¼g�jbj]k;WZeDg@hUW;l.nÕ¸�cfWZn]e*^�hi§]^Ì²Â^2n]e³§]¯¤g�\��5Y.\ig@j]§pª½g�q|^*¯Ì²Â^2o]o]^*o�WZnpY.\Ug�j]§]WZeDg�kºqUj]g�e*^@¨
ª«^|[]qU^2o°hi§b^�ËÌÑhU\U^2^�ª�WZhU§Òr�æ�l.\Uob^*\½WZn¤l�[]\½^H¿bj�^*\_W;¯{^*n¶hiq2¸d}�hi§]^2\�g�e2e*^*q_q�¯{^2hi§blfo]q«qU[]e³§�g@q«hi§b^

É ¾



	�æ�hi\_^*^°g�n]o s \UWZo VXWZk;^£eDg�n g�kZhU^*\Un]g@hiW>¬.^*k>´�²Â^¤e*\_^Dg@hU^*o9l.n�hUl.j l�®½hi§]^Ëo]g@h³gÑ±]k;^¤g�qÌq_^*e*l�n]o�g�\È´
W;nbo]W;e2^*q½WZn Ç]Çr� Ð hUl�qU[]W>h½hU§]^�g�j]jbk;W;e*g@hiWZl.nÕ¸y¦/nÒVXW;Y�[]\U^ � ¨]gÌq_W;¯{j]k;^mY.\Ug�j]§Òg�nboÒWZhiq Ç]Çr� Ð g�\_^qU§bl»ª�n©¸{¾Ó§b^{kZ^2®Íh�§]g�kZ®dl�®½VXW;Y�[]\U^ � q_§]lª�qÌgÒqUj]g@hiW;g�kXY.\Ug�j]§Õ¸ý$�l$o]^*q�g�\_^£g�n]n]l�hig@hi^2o�ª�W>hi§�hi§b^
n]l$o]^xæ�W;o{g�n]o{Y.^2l.Y.\ig@j]§]W;e*g�k]e2lfl.\_o]W;n]g@hi^2q*¸X¾Ó§b^�n]l$o]^Hæ/W;o£WZq«g@n¤WZn�hU^*Y.^2\,\U^2j]\U^2qU^*n¶hUW;n]Y�hi§]�̂¿�æ/l.\_o]^*\
l�®Âhi§]^ Ý ¿Â¨ ´ ß e*l$l.\UobW;n�g@hU^*q2¸"V�l.\3^x¿bg�¯{j]k;^@¨¶hi§]^mn]l$o]^mª�W>hi§£hi§]^me*l$l.\_o]W;n�gFhi^*q Ý É ¨ É ß Y.^xhiq«g�nblfo]^Hæ/WZol�® Ñ ¸9¾Ó§]^5qUl.kZW;o9kZW;n]^2q�hi§�g@h£e2l.n]n]^2e2h¤n]l$o]^*q£\U^2j]\U^2qU^2n�h¤^*obY.^*q2¸�¾Ó§]^�o�g@qU§]^2o k;WZn]^*q¼q_§]lª6hi§b^
e*[fhiq�g�nbo�j�g�\ÈhiWZhUW;l.nbW;n]Y£l�®"hU§]^�q_j�g@hiW;g�k~Y.\ig@j]§�W;n¶hUl°o�g@hig¤j�g@Y.^*q2¸�¾Ó§]^�j]g�\_hUWZhiWZl.n]q�g�\U^ Ý x ¨ É ¨ � ¨ Ð ß ¨
Ý Ñ ¨N`bÁ̈¾b¨ � ß ¨ Ý Lf¨ É Ëf¨ ÉLÑ ¨ É ¾ ß ¨.g�n]o Ý É$É ¨ É�� ¨ ÉFÐ ¨JË�` ß ¸y¾Ó§b^m\_W;Y.§¶h3§�g@kZ®�l�®©VXW;Y.[b\U^ � qU§]lª�q3hi§]^�o�gFh³g�j�g�Y.^2qg�n]o�hU§]^¼qU^2e*l.n]o]g�\_´�WZn]o]^H¿©õ̧$�l$o]^2q�W;n�hi§b^¼qig�¯{^�j�g�\ÈhiW>hiW;l�n�qU^xh�g�\U^�qÈhil.\_^*o�l.n�hi§b^¼qig�¯{^�o�g@hig
j�g�Y�^�¸

Ü ~��2�u{}� ÅÊ���*ºO|.�"��~��2» ��Ä¡ÍHÅ��@�T!*�"�"� ¿�æ�l.\Uo]^2\oÉ ÉD� Ì~[bhiWZk;WZÔ*^*qÓq_j�g@hUW1g�kBWZnb®%l.\U¯¤g@hUW;l.n°ª�§bW;k;^:WZ¯£æ
j�l.qUWZn]Y�gÑhUl�h³g@k«l.\_o]^*\&l.n�hU§]^°j�l.W;n¶hUq*¸p¾Ó§b^/¿�æ/l.\_o]^*\�l�®mg5e*l$l.\Uo]WZn�g@hU^ Ý%Þ ¨ Þbß WZqÌe*l�¯¤j][fhi^*o�²�´W;n¶hU^*\_ª«^DgD¬$W;nbYmhU§]^«²bWZhiqBWZn�hi§]^d²]W;n]g�\_´�\U^*jb\U^*q_^*n¶h³gFhiW;l�nÌl�®$hi§]^3h/ª«lm¬@g�kZ[]^*q2¸ � k>hi^2\Un�g@hUWZ¬�^*kZ´�T̈Ò�W;kZ²Â^2\_hl.\_o]^*\_W;n]Y�¯°gD´£²�^�[bqU^*o©¸ � e2l.n¶¬.^*n¶hUW;l.n�g@kÂl.nb^xæ/obW;¯{^*n]q_W;l.n�g@k]j]\UWZ¯°g@\_´�WZn]o]^H¿ Ý ^�¸ Y]¸eËÌÀæ�hi\_^*^ ß e*g�n²�^&[]q_^*ophUl¤®8g�e2W;kZWZh³gFhi^�g{qU^Dg@\Ue³§Õ¸mVXWZY.[]\U^ É.x qU§bl»ª�q|g�np^H¿]g@¯¤j]kZ^:l�®"[]q_W;n]YS¿�æ/l.\_o]^*\mg�qmhi§]^�j�g�Y�^
e*kZ[]q_hU^*\_W;n]Y�¯¤^xhi§]l$o¤g�n]oâÐ3æ�hi\_^*^mg�q3hi§]^mj]\_W;¯¤g�\_´ÌW;n]o]^H¿£®%l.\dg�e*e2^*q_qUW;nbYÌhi§]^mo�g@hig:±]k;^�¸X¾Ó§]^�nblfo]^2q
l�®yo]WZÁÂ^*\_^*n¶hmj�g�\ÈhiWZhUW;l.nbqÓg�\U^ Ý x ¨ É ¨ Ñ ¨ � ß ¨ Ý Ð ¨N`b¨%Lf¨Á¾ ß ¨ Ý � ¨ É$É ¨ É Ëf¨ ÉLÑ ß ¨]g�n]o Ý ÉB� ¨ ÉLÐ ¨ É ¾b¨�Ë@` ß ¸Å°����� � �	�u�@� � Ç ^2k;k]hU\U^*°̂ÉÎL	ÌÀWZq3g:§b^*W;Y�§�hÈæ/²�g@k1g�n]e2^*o¼hi\_^*^@¸,¹3g�e³§°e2^*k;kfhi\U^2^�n]lfob^me2l.\U\_^*q_jÂl.nbo]qn]l�hÌn]^*e2^*q_qig�\_W;kZ´�hil�gp\U^2e2h³g@n]Y.[]k;g�\Ì²�lD¿ ²][fhÌhil�g�e*l.n¶¬.^H¿9j�l.kZ´$§]^2o]\Ul�nÕ¸ � e2^*kZk«hi\_^*^¤\U^*qÈhi\_W;e2hUqj�l.kZ´$§]^2o]\ig¼hil{j�g�\ÈhiWZhUW;l.nbq�l�®,gÃÐÓc8Í Ý Ð½WZn�g�\_´�cfj�g�e2^ Íyg�\_hUWZhiWZl.n]WZn]Y ß WZn�l.\Uo]^2\mhUl{g¬�l.W;o5l¬.^2\Uk1g@j]qg�¯{l.n]Y�qUWZ²]k;WZn]Y�jÂl�kZ´$§]^*ob\igb¸,¹3g�e³§°e*^*kZk>æ
hi\U^2^�n]lfob^�e2l.\U\_^*qUj�l.n]obq«hil&l.n]^mo]W;q_�¼qUj�g@e*^�¨bg�n]o{hi§]^mk;^*g@®
n]l$o]^*qme*l�n�hig�W;n5g�kZk©hi§b^&WZnb®%l.\U¯¤g@hUW;l.n¤\U^*·�[]WZ\U^2oÑhil{g�nbq_ª«^*\|g£Y.W>¬.^*n5qU^*g�\Ue³§Ñ·�[]^*\È´.¸½¾Ó§b^&e2^*k;kÇæ�hU\U^*^
eDg@n9²Â^{¬fWZ^2ª«^*oég�q�gpe*l.¯Ì²]W;n�gFhiW;l�nÏl�®mg ÐÓczÍXæ:g�nboÁ« Ì æ�hU\U^*^@¨"l.\Ìg�q�gæÐ�czÍXæ�hi\_^*^Ë¯¤g�j]j�^*o�l.n
j�g�Y�^*o{qU^*e2l.n]o�g@\_´{¯¤^2¯¤l�\_´.¸XVXW;Y�[]\U^ É$É W;q3g@n°^x¿bg�¯{j]kZ^Ól�®Õ[]q_W;n]Y Ç ^*kZk�¾y\_^*^�hil�e*kZ[]q_hU^*\,hi§]^mn]l$o]^�¸¾Ó§]^{±�\UqÈh�k;^x¬.^2k«²]WZn�g�\È´�j�g�\_hUWZhUW;l.n�W;q�k;WZn]N̂Ò É ¨Xg�n]o�hi§]^¤qU^*e2l.n]o9kZ^2¬.^2k«j]g�\_hUWZhiWZl.n]q:g�\_^°kZW;n]^2qõÒàË
g�n]o±Ò Ñ ¸,¾Ó§]^&j]g�\_hUWZhiWZl.n]q½g�\U^ Ý x ¨ É ¨ Ñ ¨S` ß ¨ Ý � ¨ Ð ¨%Lf¨ É ¾ ß ¨ Ý ¾b¨ � ¨ ÉÉ ¨ ÉB� ß ¨bg�n]o Ý É Ëf¨ ÉLÑ ¨ ÉFÐ ¨JË�` ß ¸
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· \Z[ Âè��n.'wp,'��;q}h ) ��ÏÊh2a@p0n.-ÑÐ]q}a0�;q�h�-ep0hUÃ
ÎÏ^¼^2¬@g�k;[]g@hi^2o�hU§]\U^2^¼²][bÁÂ^*\_W;n]Y�q_hU\ig@hU^*Y.WZ^*q|hUlÒ\U^*jbk1g�e2^�hi§]^¼j�g@Y.^¼W;n�hU§]^¼¯¤^2¯¤l�\_´Ñ²][bÁÂ^*\*¸Ì¾Ó§]^
qUWZ¯¤jbk;^*qÈh"j�g@Y.^�\U^2j]k1g@e*^*¯{^*n¶hdg�kZY.l.\_WZhi§b¯ W;qyhU§]^�VXWZ\Uq_hX¦/n{VXW;\_q_h3}|[bh Ý VX¦uVº} ß g�kZY.l.\UW>hi§]¯5¸ � VX¦uVº}\U^2j]k1g@e*^*¯{^*n¶hËg�k;Y.l�\UWZhU§]¯ ¯¤g�\���q{hi§]^phUW;¯{^Òª�§]^*n�^Dg@e³§ j�g�Y.^5ª�g�q°²Âl.[bY.§¶hËW;n¶hUlÏhi§b^�¯¤^2¯¤l�\_´
²][bÁÂ^*\2¸{Î�§b^*nÏg5j�g@Y.^£¯�[]q_h:²�^£\U^2j]k1g�e2^*oÕ¨~hi§b^{l�k;o]^2q_h:j�g�Y�^{WZq:e³§]l.qU^2nÕ¸{¾Ó§]^ãvB^*g�q_h¯	�^*e*^2n¶hikZ´
Õ�q_^*o Ý vU	¾Õ ß g�k;Y�l.\UW>hi§]¯�qU^*kZ^*exhiqyhU§]^½j]g�Y.^3hi§�g@hº§�g@qXn]l�hy²�^*^*nÌ\U^2®%^2\U^2n]e*^2oÌ®%l.\~hi§]^dk;l.nbY.^*qÈhXj�^*\_W;l$ol�®�hiWZ¯¤^�®%l.\,\_^*j]k;g�e*^2¯¤^2n¶hD¸"¦/n{e*l.n¶hU\ig�qÈhD¨�¾Ó§]^�ÐÑl.q_h�	�^*e2^*n¶hik>ŃÕ�qU^2o Ý Ð³	¾Õ ß g�kZY.l.\_WZhi§b¯ \_^*j]k;g�e*^2qhi§b^�j]g�Y.^�ª�§]W;e³§5§�g�q�²�^*^2n�t_[]qÈhm\U^*e2^*n¶hik>´Ò\U^x®%^*\_^*n]e2^*oÕ¸

Ò 45¶Ñ�Ï���3�D� ���Ë�"�Ì���è�� X���K6��&�"�*�{�� è�Ì��� Ó��� "���2�" 
¦/nËhi§bW;q½q_^*exhiW;l�nÕ¨fª«^|W;kZk;[]qÈhi\Ug@hi^�l.[bhUk;WZ^*\d^x¿bg�¯{j]k;^2q½o]^xhi^*exhi^2o5WZn°hi§b^�hi\Ug@µ{e|o�g@higÌqU^xhD¨]jb\U^*q_^*n¶hÓhi§b^
\U^2qU[]k>hiq,l�®�l.[b\"^x¿fj�^*\UWZ¯¤^2n¶hiq*¨$g�nbo�hi^*qÈh,hi§]^Ó^xÁ©^2e2hUWZ¬.^2n]^*q_q«l@®ÂobWZÁÂ^*\U^2n¶h3j�g�Y.^�e2k;[]qÈhi^2\UW;nbY�¯¤^xhi§]l$o]q*¸
¾ºl¤q_W;¯{j]k;W>®Í´{hU§]^:e*l.¯{j�g�\_W;q_l.nÕ¨bhU§]^&¦0È�} e*l�q_h�\U^*jb\U^*q_^*n¶hiqmhi§]^:n�[]¯�²�^*\�l�®Xo�g@hig£j]g�Y.^*q�g�e2e*^*q_qU^2oÕ¸
¾Ó§]WZqd\_^*j]\_^*q_^*n¶hiq½hU§]^m\U^*k;g@hiW>¬.^Ój�^*\È®%l.\U¯¤g�n]e2^ml@®©hi§b^�¬@g�\_W;l.[bqd¯{^2hU§]l$o]q,®%l.\"¬.^2\_´{k1g�\_Y.^Óo�g@hig�²�g�q_^*q2¸
V�l.\°q_¯°g@k;k;^2\£o�g@h³g@²�g�qU^2q*¨�hi§]^p¦0È.} e*l.qÈh�g�qUq_lfe2W1g@hU^*o ª�W>hi§ hU§]^�W;nbo]W;e2^*q°q_§]l.[]kZo ²Â^Ñ¯¤^*g�qU[b\U^*o©¸
ÎÏ^¤^H¿]g@¯¤WZn]^*o�hi§]^ Ç ¹â¯{^Dg�q_[]\U^2q&WZn�hU§]^{qU^2h&l�®«^x¿fj�^*\UWZ¯¤^2n¶hiq:hi§�g@h�o]^*g�k;q�ª�W>hi§�\ig�n]Y�^¤l.[fhik;WZ^*\o]^xhi^*exhiWZl.nÑ·�[]^2\UWZ^*q*¸

Ô]\_^ 
��ÔqWf0p0h2a-Ã j±h!q�h��>q}h�'
ÎÏ^½hi^2q_hi^2o¼hi§]^�^xÁ©^2e2hUWZ¬.^2n]^*q_q«l@®Àl.[]\,g�kZY.l.\_WZhi§b¯âl.n�hi§b^�¾�ª�W;nfæ Ç WZhUW;^*qºhi\Ug@µ{e�o�g@hig�qU^xhdg�n]o¼o]^xhi^*exhn�[]¯{^*\Ul�[]q�l.[bhikZW;^2\Uq*¨]g�qÓo]^*q_e*\_W;²�^*opWZnÒhi§]^�®%l.kZk;lª�W;n]YÌ^x¿bg�¯{j]k;^2q*¸
VXW;Y�[]\U^ É ËËqU§bl»ª�q&l.n]^{^x¿bg�¯{j]k;^£l�®«hi\Ug@µ{eÖÕ]l»ª#l.[bhikZW;^2\Uq*¸¤VXWZY.[]\U^2q É Ë Ý g ß g�n]o Ý ² ß g�\U^£hi§b^hi\Ug@µ{e�¬.l.kZ[]¯{^½¯¤g�j]qX®%l.\X¦
æ ÑhÐ Î n]l�\_hi§¼²�l.[]nbo¤g@n]o¼qUl.[fhi§£²Âl�[]n]oÕ¨¶\_^*qUj�^*exhiW>¬.^*k>´.¨�l.n É È�Ë É È É��� Lf¸

¾Ó§]^×mæugF¿fW;q�W;q�g Ð æ/¯{W;n�[bhi^:hiWZ¯¤^&qUkZl�h�®%l.\�hi§]^Ìª�§bl.k;^�o]g´�g�n]o�hU§]^¯Ø�æ/gF¿fW;q|WZq�hU§]^¼k1g�²�^*kºl�®3hi§b^
q_hig@hiWZl.n]qºW;n]qÈh³g�kZk;^2o&l.n&hi§]^«§]W;Y.§¶ª½gD´.¨.qÈh³g�\ÈhiW;nbYm®%\_l.¯ É l.nÌhU§]^½nbl.\_hU§�^*n]o&hil|` É l.nÌhU§]^½q_l.[bhU§�^*n]o©¸
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Algebraic Aggregate Function: Average
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Algebraic Aggregate Function: Variance

null
8

3
6

null

1
4
8

7 5

M[i,j] c[1]
R[1]
R[2]
R[3]
R[4]

c[2] c[3] (R[i]) (R[i])

2

2

Count
(R[i]) (R[i])

Count(C[j])

(C[j])

(C[j])

3
2
3
2

34 3

20 11

130 93

15

49

Var

Var(C[j]) 25 6 2.8

10
18
12

6 14

74
132

52
0.6
1
8
1

6.04

Sum

Sum

Sum of Sq

Sum of Sq

1

1
2 (     ( Sum (R[i] )) )

2
Count(R[i])

    ( Sum of Sq (R[i])) - 

Count(R[i]))(

jlk��������§� Ü �E-0�������524#�2³k���'w�"!¥#"/1���� ��4#�k"! #"�"�����+��#�24��!d�5'#!+2mk1��'�,
$¦�%!%�������52���24�5�*��#"/1�5���"!Eë'&)(�§'��+�+*×24�6#�!+!+�%,�,�2����,(H���"/1�,*�#�2(#�,��+2%� � Æ #�����/��%,¯�"!8����/Ük1,�2mk"!!d��'#!B2³k���'Gk1'#!+/1�#*�� û��-��« ý�. &	û²÷"Ã%ù3ë/���	�zø)� . ù0&�#"'1*2� ý3. ¤��

4 �


